The objective was to characterize Staphylococcus aureus isolated from two wastewater treatment plants (WWTPs) located in Tunis City (Tunisia), during the period 2014-2015. Genetic lineages, antibiotic resistance mechanisms and virulence factors were determined for the recovered isolates.
INTRODUCTION
The frequent use of antibiotics in hospitals, veterinary and agricultural settings has certainly contributed to the dissemination of resistant bacteria or their resistance genes in the environment. Furthermore, a large part of the antibiotics consumed are not absorbed and can end up in wastewater. It has been suggested that wastewater treatment plants (WWTPs) may play a role in the spread and the development of antibioticresistant bacteria (Börjesson et al. ; Rizzo et al. ) . In addition, treated sewage water is reused in various ways, such as for agriculture, aquaculture and industrial purposes.
During these activities, individuals may come into contact with reused wastewater and can be potentially exposed to resistant and virulent bacteria that may remain in the treated wastewater. Staphylococcus aureus is commonly found in the skin and the nails of humans and various animal species; however, it may also act as an opportunistic pathogen that causes minor to severe infections due to the production of different virulence factors. Nowadays, methicillin-resistant The main aim of this study was to assess the occurrence of S. aureus in two WWTPs located in the suburbs of Tunis City (Tunisia), and to characterize the recovered isolates by determining their antibiotic susceptibility, the genes encoding antibiotic resistance and some virulence factors, and finally their clonal lineages.
MATERIALS AND METHODS

Sampling and microbiological identification
Sixty-two water samples were collected during the period of 
Antimicrobial susceptibility testing
Susceptibility to eight antimicrobial agents was performed using the disc-diffusion method as recommended by the
Clinical and Laboratory Standards Institute (CLSI ).
Antimicrobial agents tested were (charge in μg/disc):
penicillin (10 units), cefoxitin (30), tetracycline (30), gentamicin (10), tobramycin (10), ciprofloxacin (5), erythromycin (15) and clindamycin (2).
Detection of antimicrobial resistance genes
The presence of genes that confer resistance to penicillin were used in all PCRs.
Molecular typing methods of S. aureus isolates
All S. aureus isolates obtained were characterized by spa typing (Harmsen et al. ) , and agr typing as previously described (Shopsin et al. ) . Multi-locus sequence typing was performed in selected S. aureus isolates (Enright et al. ) . The clonal complex (CC) of the isolates was ascribed according to the sequence-type (ST) determined and/or spa-type detected.
Virulence factors 
RESULTS AND DISCUSSION
Very few data concerning the presence and the genetic lineages of S. aureus in wastewater are available in Tunisia. Indeed, penicillin resistance is widely disseminated among
S. aureus isolates worldwide (Lowy ). The msr(A)
gene was detected in the seven erythromycin-resistant isolates (Table 1) Six spa types (t587, t674, t224, t127, t701 and t1534)
were detected in this study (Table 1) , the spa-type t587 was the most predominant one (7 isolates, 58.3%). This spa-type was associated with agr type II in all but one of the isolates, and with a new ST named ST3245 (singleton) which differs from ST9 in glpF and tpi alleles. The ST9-CC9 is linked worldwide to livestock (Hasman et al. ) .
As far as we know, the spa-type t587 has not been previously described in wastewater; nevertheless, the lineage t587-CC9 
